INTRODUCTION
Sustainable development has been defined as development that "meet[s] the needs of the present without compromising the ability of future generations to meet their own needs." '2 In a recent declaration by the Forum of Resistance to Agribusiness, a consortium of South American non-governmental organizations (NGOs), the goals of sustainable development and the feverish pitch of fuel ethanol production collided. The Forum stated, "The implementation of the model of production and export of biofuels represents a grave threat to our region, our natural resources, and the sovereignty of our people."
3
Within the framework of sustainable development, dialogue and debate concerning energy production and use has been heated. The social and environmental costs of fossil fuel dependence have contributed to the allure of renewable energy. Global dependence on fossil fuels has added to the overall global level of greenhouse gases and created a global threat of climate change, The Earth's average surface temperature rose by around 0.6°C during the 20th century and most scientific advisors to the world's governments conclude that evidence is growing that most of the warming over the last fifty years is attributable to human activities, such as burning of fossil fuels and deforestation. 6 See id. 7 Unfortunately, human rights abuses and concessions by foreign governments to oil companies, including the United States oil sector, are legion. Although numerous examples of such abuses have been exposed by claims brought under the Alien Tort Claims Act, 28 U.S.C. § 1350 (2006), there are two major cases exploring these issues: (1) the military tribunal and hanging of Nigerian activist Ken Saro-Wiwa, the originator of the phrase "ecocide as genocide," and (2) the Unocal litigation related to the atrocities committed in Burma. Wiwa v. Royal Dutch Petroleum Co., 226 F.3d 88 (2d Cir. 2000); Doe I v. Unocal Corp., 395 F.3d 932 (9th Cir. 2002) . In Wiwa, the Second Circuit reversed the district court's dismissal of claims by the plaintiffs, including Saro-Wiwa's father, that they and their next-of-kin had been imprisoned, tortured and killed by the Nigerian government at the behest of Royal Dutch Petroleum and Shell Oil because of their opposition to the companies' oil exploration activities. Wiwa, 226 F.3d at 92. In Doe, the Ninth Circuit overturned the district court's determination that the plaintiffs, Burmese farmers, were barred from bringing suit against California-based Unocal for various abuses by Burmese soldiers, including allegations of slave trading, forced labor and rape, committed while the soldiers were guarding a gas pipeline project that Unocal had partnered to construct and operate. Doe, 395 F.3d at 936-37. Doe was a groundbreaking case; the Ninth Circuit held that since the plaintiffs had produced evidence that Unocal knew of and benefited from the soldiers' abusive acts, the company could potentially be held liable for those acts even though it had not actively participated in them. Id. at 941. The Court of Appeals stated in forceful language that human rights abuses and crimes, usually levied by governments, could also be committed by and charged to private, non-state actors. Id. at 958-59. neer in the quest for developing a reliable, cost-effective, and reusable energy alternative to oil consumption. But at what cost has Brazil achieved the energy equivalent of the "holy grail"? And, have those costs been evenly distributed among Brazilian society? Advocates of Brazil's sugarcane agribusiness and fuel ethanol production have argued that this process is "a practical example of sustainable development by combining the contributions to environmental improvement, the exploration of local economic vocations and the decentralized generation of employment and income." 8 However, with respect to the Brazilian production of fuel ethanol, the application of the principles of sustainable development have remained elusive with respect to what is meant by "future generations." 9 The development of the Brazilian fuel ethanol industry has sparked both workers' rights and environmental justice advocates to question its impact on rural communities in terms of natural resource use (e.g., soil erosion, depleting water supply, shifting land use); air quality and public health; and the working conditions of the rural labor force that has long provided the "muscle" to produce Brazilian ethanol. Additionally, there is a more entrenched problem with sugarcane cultivation that has its origins long before Brazil became the leader in fuel ethanol production. Before its independence, the sugarcane agricultural industry was associated with most of the social and economic injustices that had permeated the rural areas of Brazil. 1 " Issues of "labor exploitation and land concentration" have long been part of the hidden underbelly of Brazilian sugarcane cultivation and, with the advent of fuel ethanol, clearly remain."' Some have suggested that the colonial plantation model still remains even if under the guise of a representative democracy. 12 Although this Comment does not attempt to address all the issues associated with sustainable development,' 3 it does attempt to introduce into the dialogue issues that present opportunities for environmental justice and workers' rights advocates to coalesce and effect collaborative change in Brazil. Part I provides a broad overview of the major issues surrounding our global energy supply, the production process involved in creating fuel ethanol, and Brazil's "successful" process to achieve oil independence. 1 4 Part I also includes future projections for the Brazilian ethanol production industry. Part II describes the identifiable benefits that the development of fuel ethanol has brought including how fuel ethanol has, in large part, provided the residents of Brazil's major centers with lower carbon dioxide emission levels, cleaner air, and presumably healthier lives. Part II also explores some of the deficiencies in the process that have negatively impacted Brazilian society overall, and particularly the local residents, communities and ecosystems where the sugarcane is grown and ethanol is developed. For these communities, ethanol production has brought terrible working conditions, poor health conditions, and harm to the natural ecosystems through changing land and natural resource use; it has also promoted instability among local communities. Part III attempts to articulate and incorporate some of these benefits and deficiencies into a workable cost-benefit analysis to assess the Brazilian ethanol production industry and the impact it has had on its citizens, the country as a whole, and the environment. Part IV attempts to draw some conclusions and assess possible solutions and the role that centration of wealth in a small percentage of Brazilian society, limited and differential access to education, housing, and social services based on locale, and the implications of foreign investment and trade are not the focus of this Comment. Of course, these are issues relevant to the overall question of whether Brazil has acted in accordance with the principles of sustainable development in its energy policies and ethanol program. 14 Brazilian Law No. 2.004 sanctioned on October 3, 1953, established the state's monopoly in key sectors of oil production including the refining of both domestically produced and imported oil. Soleis-Legislaizdo Federal, http://www.soleis.adv.br/ (click on link "LEIS POR ASSUNTO," then click on "P," then click on "PetrobrdsObjeto"), amended and superceded by Law No. There is, perhaps more than ever before, a sense of urgency to develop and implement cost-effective and reliable alternatives to reduce reliance on foreign oil and other fossil fuels." v Fossil fuels account for approximately 80% of our global energy supply,"' and our global consumption of crude oil specifically is 42% of the world's total energy consumption. 1 9 Collectively, "renewable" energy makes up nearly 14% of both the world's supply and consumpion. 2° oil-producing countries, 2 ' there is the looming reality of the finite nature of fossil fuels that at some point must be taken into account, as well as the environmental and social costs attributable to strict reliance on fossil fuels. Specifically, our dependence on fossil fuels has increased the overall level of carbon dioxide 22 and caused global warming that has created climate change. Fossil fuels are accurately characterized as "exhaustible," and currently these exhaustible fossil fuels constitute approximately 80% of the global energy supply. 2 3 Given the finite limitations of fossil fuels, if the production and consumption levels remain constant, our situation will be grave. 24 Assuming that the rate of production and consumption remain constant and do not increase, the known reserves of oil are expected to yield for only another forty-one years, natural gas reserves for a slightly longer sixty-four years, and coal reserves for another 155 years. 25 Some critics of unabated fossil fuel consumption also point to the increased production costs that are likely to ensue as we near exhaustion of our fossil fuel reserves. 26 These would presumably hasten the depletion of our reserves. 21 Whether the issue is framed as "the instability existing within the major oil-producing countries" or the "security of supply," it seems that most countries are looking for alternatives to strict reliance on gasoline because of a growing discomfort with dependence on oil, specifically oil exported from the Middle East. See RENEWABLE There is an entrenched concern over the political instability of the region, and disruption of the "flow of oil" from terrorist and "sabotage attacks." Id. For many oil importing companies these disruptions and lack of stability have created an additional "risk premium" that has added to the price of oil. Id. The current situation is probably even more precarious as populous developing and expanding nations, especially China and India, have been at the forefront of the increased worldwide demand for oil. Id. The wake-up call came in 2004, when oil prices hit a then world high of over fifty dollars a barrel. Id. In the United States, the demand continues to exceed the domestic supply. Id. The result is ever-growing imports to meet this demand, coupled with record prices for a gallon of gasoline. Id. See also IEA, supra note 18, at 10-11 (reporting that in 2005, the Middle East was the largest producer of crude oil by region with nearly 31% of the world's production; Saudi Arabia and the Islamic Republic of Iran produced 13.2% and 5.2%, respectively of the world's crude oil). 22 IEA, supra note 18, at 44 (reporting that from 1973 to 2004 total carbon dioxide emissions increased from 15,661 to 26,583 Mega tones (Mt) and the percentage attributable to oil decreased from 51% (7987 Mt) to 40% (10,633 Mt)). 23 Goldemberg, supra note 9, at 808. 24 Id. 25 Id. ("[F]ossil fuels cannot be considered as the world's main source of energy for more than one or two generations."). 26 Id. ("[P]roduction costs will increase as reserves approach exhaustion and as more expensive technologies are used to explore and extract less attractive resources.").
[Vol. 11:61
TAINTED GRAIL OF BRAZILIAN ETHANOL
The finite nature of fossil fuels, coupled with the instability of the Middle East, 27 and the social and environmental costs of fossil fuel dependence have added to the allure of renewable energy. Ethanol fuel is heavily linked to the societal concern of decreasing overall greenhouse gas emissions as well as the broader issues of "climate control," including that of global warming. 28 Advocates of ethanol-fueled cars opine that the carbon introduced into the atmosphere by ethanol-powered cars is preferable to that of gasolinepowered cars, because in theory there are "no net emissions.
29
Of the three grades of ethanol, fuel grade ethanol is the most widely produced grade. 3° In 2004, almost eleven billion gallons of ethanol were produced globally, eight billion of which was fuel ethanol. 3 ' UNICA, the Sdo Paolo Sugarcane Agroindustry Union, 3 2 reports lower current numbers of 9.25 billion gallons (thirty-five billion liters) for total ethanol production, and only 5.55 billion gallons (twenty-one billion liters) for fuel ethanol. 3 Ethanol can be produced from various plant-based feed stocks, the most common being those from grain or sugar crops. 3 4 Ethanol powers automotive engines in one of two ways. 35 It can either completely replace gasoline in specially designed internal combustion engines, or it is effective as an "octane booster," 3 6 or fuel extender, when mixed with gasoline in blends of 5% to 30%.38 Ethanol-gasoline blends require no modification to automobile engines and 27 Id. at 809 (Certainly Brazil, when first launching its Prodilcool program in the mid-1970s, was motivated in large part by the desire to reduce oil imports. 4 ' The Prodlcool program incorporated both incentives to encourage ethanol production and subsidies to lower ethanol prices for consumers. 42 Some Brazilian officials 43 have described the early trajectories as a "learning curve," as ethanol production increased an average of 6% per year while the costs of production declined. 4 4 While production costs were decreasing, the costs "at the pump" for consumers were also heavily subsidized, usually in the form of state-controlled prices and consumer taxes, so as to favor consumption of fuel ethanol instead of gasoline. 4 5 The Prolcool program also mandated the type and percentages of ethanol and gasoline that were offered on the consumer fuel market. In 1975, a 22%-25% ethanol-gasoline blend was mandated in the does not blend easily with diesel and can require emulsifiers if the "diesohol blend" is to obtain more than 3% ethanol). 39 Id.; see also Murray, supra note 5 (noting that ethanol can be used alone in "flexible-fuel vehicles" that run on any blend of ethanol and gasoline 
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, http://www.cei.org/pdf/5774.pdf. At that point, 80% of the oil in Brazil was imported, and "the 1973 OPEC oil embargo and production cutback had raised concerns that oil dependency could endanger national security." Id.; see also Goldemberg, supra note 9, at 809 (explaining that the Brazilian government was motivated "to reduce oil imports that were consuming onehalf of the total amount of hard currency from exports"). 42 Berg, supra note 35. 43 ProfessorJos6 Goldemberg is the Secretary of the Environment for Government of the State of Sao Paolo. 44 Goldemberg, supra note 9, at 809 (reporting that production increased from 0.9 billion gallons of ethanol in 1980 to three billion gallons in 1990 to 4.2 billion gallons in 2006). 45 Id. (stating that the real cost to a consumer for ethanol fuel in 1980 was roughly three times that of gasoline, but the price differences were subsidized).
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Brazilian market, and then in 1979 a pure ethanol was introduced into the automotive fuel market. 4 6 The Brazilian government also put into place incentives to encourage automobile manufacturers to produce engines that could run on 100% "pure hydrated ethanol. 4 7 It has been estimated that these various consumer and producer subsidies totaled approximately $30 billion over twenty years, 4 8 with $12.3 billion spent in the years between 1975 and 1989, primarily in agricultural and industrial sector investments. 49 Supporters of the Prodlcool program argue that this cost was more than offset by the $50 billion decrease in oil imports as of the end of 2006.50 Although the government at the time amounted to a "military regime," these mandatory regulations are now viewed as having been key to both the "success" of the ethanol production program, 51 and to enabling the implementation of democratic processes.
C. The Current Brazilian Sugarcane and Ethanol Agribusiness
Today, approximately 40% of the fuel sold in Brazil includes ethanol. 52 Estimates are that a quarter of the fuel used in Brazilian ground transportation is sugarcane-derived ethanol. 53 Current production estimates are that Brazil produces 10.4 billion liters/ year, of which approximately 62% are produced in the state of Sdo Paulo. 5 4 Much of the "success" of the ethanol production program in Brazil is at least partially dependent on the strength of the "flexfuel cars '55 that predominate the Brazilian automobile consumer market. 56 Since Ford and Volkswagen first launched flex-fuel pro-46 EESI, supra note 40, at 2; Goldemberg, supra note 9, at 809. 47 Goldemberg, supra note 9, at 809. 48 Id. All dollar amounts are measured in United States currency. 49 XAVIER, supra note 41, at 6. 50 Goldemberg, supra note 9, at 809. 51 Id. (stating that these ethanol-gasoline blend mandates constituted a "Renewable Portfolio Standard for fuel" that is now being considered as a model in several states of the United States, Japan, and the European Union). 55 XAVIER, supra note 41, at 6 (noting how flex-fuel cars can run on both gasoline, ethanol, or a mixture of the two); see also EESI, supra note 40, at 2. Henry Ford's design for the Model T allowed it to be powered by either ethanol or gasoline since ethanol constituted a major portion of the fuel transportation market until the 1930s when the low oil prices allowed gasoline to dominate the market. Brazilian cars have much smaller motors than their American counterparts. 6 " Ethanol yields fewer miles (or kilometers) per gallon (or liter) than regular or regularly blended gasoline. 6 ' The consumer appeal of a flex-fuel car is that an owner can constantly choose between "neat ethanol," and the "regular" (i.e., gasolineethanol blended) gasohol based on the current prices and any applicable local tax rates.
6 2 While some pundits have lauded the freedom of switching back and forth as one drives through Brazil, 6 " some critics have noted that, without any price subsidy, ethanol is only price-competitive for Brazilian drivers "when it costs no more than 70 percent of the price of gasoline." 64 The farther away from alcoolalcoolcombustivel.asp (last visited Jan. 31, 2008) (estimating that within the last twenty-two years, $1.8 billion per year was saved by replacing gasoline with fuel ethanol, the "equivalent to 200 thousand barrels of gasoline/day"). Others have noted possible manufacturer reluctance to produce ethanol-only vehicles and diminishing sales of ethanol fuel as signs of a possible decline in the Brazilian domestic ethanol market. 67 Despite this, the future plans for Brazil include the extension of the flex-fuel technology to encompass and include all light vehicles.
6 " Increasingly, the Brazilian government has rolled back the state-sponsored subsidies and incentives that have impacted both the ethanol production and consumption markets. The price subsidies on ethanol have been "progressively removed" since the 1990s, and as of 2004, ethanol and gasoline have been "fully competitive" with one another on the "international market" without the benefit of government assistance. 69 Due to both economies of scale and modern advances in process and equipment technology, production subsidies "are a thing of the past in Brazil. '70 It should be interesting to note whether the Brazilian "freedom of choice" between ethanol and gasoline by the consumer at the pump will continue when faced with more market-driven prices.
D. Brazil: The "Success" Lies in the Process
No other country in the world has an ethanol production scheme rivaling that of Brazil.
7 ' Even the United States, with its established ethanol production process relying exclusively on corn, 65 See generally id. 66 Id. 67 EESI, supra note 40, at 2. 68 XAVIER, supra note 41, at 6; see also ETHANOL FROM SUGAR CANE IN BRAZIL, supra note 57 (stating that the current fleet of Brazilian light vehicles is estimated at twentytwo million; current estimates are that ethanol is used in roughly 41% of the fuel used to run the light vehicle fleet). 69 Goldemberg, supra note 9, at 809. 70 Id. The technological advances in terms of equipment include "the use of highpressure boilers that allow cogeneration of electricity," which result in energy "surpluses sold to the electric power grid" affording ethanol production plants revenue from not only the ethanol itself but from the surplus energy generated through the burning of the bagasse. Id. 71 Murray, supra note 5 (reporting that Brazil led world ethanol production in 2004, with the United States, China, India and France close behind, respectively). China produced nearly one billion gallons of ethanol primarily from its wheat and corn rich provinces; India produced 500 million gallons of ethanol made from sugarcane; and France, "the front-runner" within the European Union, produced over 200 million gallons from sugar beets and wheat. Id. yields no more than 3.5 billion gallons 2 and at a much higher cost per yield of energy. 73 Brazil is the clear leader in the global market for the production of sugarcane (33.9%), sugar (18.5%) and ethanol (36.4%).7 Of the total sugarcane available for crushing in Brazil, 45% is used for sugar production, while 55% is used for ethanol production. 7 5 Reported figures state that between 1990 and 1997, Brazil produced between 11.5 to 12.5 billion liters of ethanol. 7 6 From 1996 to 1998, the production of ethanol peaked from over fourteen billion to nearly 15.5 billion liters. Despite criticisms of the ethanol program in terms of its harm to rural communities, issues of changing land-management, 72 Murray, supra note 5; see also RFA, supra note 21, at 2 (reporting that more than 30% of the gasoline sold in the United States contains ethanol). 73 Murray, supra note 5 (noting that the amount of energy needed to make ethanol from corn nearly matches the energy contained in the ethanol itself).
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human rights abuses, and worker mistreatment, it has the potential to create a locally-produced, renewable fuel source that enables countries to lower their dependence on oil imports, to improve trade imbalances with other nations that are also seeking to wean themselves from oil, and to diversify their own energy portfolios-a potential that Brazil has embraced. 8 "
The "success" of the Brazilian ethanol production can in many ways be explained by looking at Brazil's relative success in meeting "three key success factors": the abundance and inexpensive cost of the sugarcane; the closed loop process and technology involved; and a supportive state and political framework."
4 With a thirty-year history of production, the Brazilian ethanol production has achieved the status of a "global energy commodity that is fully competitive with motor gasoline and appropriate for replication in many countries." 8 5 The questions for both environmental justice and labor rights advocates are whether this replication is in fact appropriate and, if not, how replication of this model would impact those regions and communities.
Few countries are as uniquely situated as Brazil is to take advantage of the accurately characterized "simplicity" of the sugarcane-based ethanol production process.
8 6 Sugarcane is crushed to extract a sucrose solution that is then fermented along with yeast into alcohol. 8 7 This alcohol is then distilled to the "desired concentration." 8 8 In Brazil, this production process is powered by burning the "bagasse," the fibrous pulp left over when the sugar is squeezed from the cane.
8 9 Current figures indicate that bagasse and straw produce approximately 100 million tons of usable waste. 9 " This "waste" is considered to be one of the significant advantages of sugarcane-based ethanol since it too can be used as 83 Murray, supra note 5. 84 Berg, supra note 35. 85 Goldemberg, supra note 9, at 808. 86 See generally Marris, supra note 29, at 670 ("Brazil's tropical sun makes it a great place for growing sugar cane: it is the largest cane producer in the world, producing more than twice as much as the number two, India."). 87 Id.; see also Service, supra note 61, at 1489 (explaining that starch is "a straightforward polymer of glucose that is easily broken down by enzymes"). 88 
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fuel-the fuel that drives the process. 9 1 This use of sugarcane, as both the raw material for fuel ethanol and the fuel that powers the process, is the reason the Brazilian ethanol production process is so often referred to as a "closed one." 9 2 This burning of the bagasse, however, has its own price. The issue of environmental and health problems for the rural communities where production occurs, and for the sugarcane cutters and workers who labor in the process, is certainly not lauded or even discussed among ethanol advocates. 9 3
E. Plans for the Future: Increased Production and Exportation
The consensus among Brazilian political and economic leaders is that as more countries and states begin to address the issues surrounding foreign-oil, greenhouse gases, air pollution, and declining public health, the demand for Brazilian fuel ethanol will increasingly be thought of as a solution to these problems. 9 4 Reports from the Brazilian Ministry of Agriculture indicate that Brazil is projected to increase production of fuel ethanol to 442,000 barrels a day by 2010." 5 In June of 2006, UNICA reported that fortyone new mills were being built and another fifty more were in an evaluation phase. 9 6 The projected increase in ethanol production from these ninety-one new operations could be as high as 50%. 91 See id. 92 See generally Marris, supra note 29, at 670 ("Put the alcohol into your gas tank and you are effectively driving it on sunlight."); XAVIER, supra note 41, at 7. Brazilian distilleries and mills are nearly self-sufficient in terms of the energy required to fuel operations. Id. The energy generated from the bagasse affords an opportunity to sell surplus electricity. [Vol. 11:61
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Petrobas, the Brazilian state-controlled oil giant, is at the forefront of this push to expand the current levels of ethanol production. In a recently revealed project, developed cooperatively by the University of Campinas in Sdo Paolo and the Ministry of Science and Technology, Brazil is striving for an ethanol production increase with the goal of replacing 10% of the world's demand for gasoline within the next twenty years.
9 8 This would mean increasing the roughly three billion liters (660,000 gallons) currently exported to 200 billion liters (forty-four billion gallons) over the course of twenty years, 9 9 an increase of nearly 670%.1"° The estimated cost to do this would be $10 billion per year for the first four to five years, and then diminishing costs until the last seven to eight years when the return on investment would begin to cover the costs.' 0 1 In other reports, Petrobas stated that Brazilian ethanol production can be increased "15 times over five years," and, to ease the concern of environmental groups, this could be done "without further destruction of the Amazon or harming food production."
' 10 2
In addition, there are calls from Brazilian interests and others to invest and implement new technologies within the biofuels industry to increase ethanol production by improving the process, potentially chilling criticisms by environmental advocates over certain aspects of ethanol production and its impact on rural communities and land use in Brazil. The Brazilian ethanol industry envisions that over the next two decades, the implementation of "bio-refineries" to fully utilize the potential of the baggasse, waste, and currently unused sucrose will enable much of these increased target goals.
10 3 According to these groups, there already exists a global interest in developing the technology by which energy and fuel can be derived from the hydrolysis or gasification of biomass.' 0 4 Advocates of these technologies note that once these technologies are implemented and working in Brazil, they can and should be implemented in other countries that are similarly situated in terms of climate and ability to cultivate sugarcane in these The Brazilian government also has plans for increased export of ethanol production." 7 Current estimates show that although 80% of Brazil's ethanol production is for domestic use, production for exports will continue to increase." 0 ' Production intended for both domestic use and export abroad has increased in the last decade. 1°9 In 2006, Brazil exported roughly 19% of the sixteen billion liters produced, thereby supplying the world with 70% of its ethanol supply. 1 0 It is estimated that by 2010, Brazilian companies will have invested roughly $10 billion to create dozens of new sugar mills to ramp up ethanol production with a goal of doubling the current export levels. 11 1 Despite arguments to the contrary, this targeted increase would require an increase in current land used to grow sugarcane. Estimates are that the current level of six million hectares will need to be increased to thirty million hectares.
12
105 See Goldemberg, supra note 9, at 809 ("Production of ethanol from sugarcane can be replicated in other countries without serious damage to natural ecosystems."). The time has come for renewable energy: humanity realizes that there is an obligation to recognize the properties of fuels recovered from newly reaped vegetable material.... Such orientation is clear in the provisions of the Kyoto Protocol, which is already in force. There, the matters pertaining to climate changes, income generation in developing countries, efficient use of non-renewable energy sources ....
We want to be important participants in the greatest operation ever designed by humans to make our planet habitable for future generations: to make the dream reflected in the Kyoto Protocol goals come true by multiplying the use of ethanol.
Id.
107 KENFIELD, supra note 3, at 1. 108 XAVIER, supra note 41, at 7. 109 RFA, supra note 21, at 15. In 2004, Brazil exported 634 million gallons of ethanol. Id. India and the U.S. are the leading buyers importing 125 and 112 million gallons of ethanol, respectively. Id. South Korea and Japan imported sixty-three and fifty-five million gallons, respectively, and Sweden and the Netherlands imported fiftytwo and forty-one million gallons, respectively. Id.
110 KENFIELD, supra note 3, at 1. 111 XAVIER, supra note 41, at 7. 112 KENFIELD, supra note 3, at 1; see also Goldemberg, supra note 9, at 809. A simple calculation shows that expanding the Brazilian ethanol program by a factor of 10 (i.e., an additional 30 million hectares of sugarcane in Brazil and in other countries) would supply enough ethanol to replace 10% of the gasoline used in the world. This land area is a small fraction of the more than 1 billion hectares of primary crops already harvested on the planet.
This projected increase is one of the most contentious areas of the ethanol debate as this may require some encroachment upon and use of Brazilian natural forests for the growing of food crops. 11 3 Certainly, foreign investors have given the Brazilian ethanol production process and agribusiness heavy consideration,14 much to the dismay and fear of environmental justice and worker advocates.
1 15 Some critics who have pointed to a waning domestic market have suggested that Brazil could be using its market position as the undisputed ethanol leader as economic leverage to not only increase exports, but also to market its ethanol "expertise" abroad) 16 The United States is the largest importer of ethanol from Brazil. 113 See Murray, supra note 5 (discussing how an increase in land area for ethanol production may negatively impact already diminishing rainforests). The development of the Brazilian ethanol production and sugarcane agribusiness has yielded many benefits for Brazil, its citizens, and possibly for future generations that will partake in a cleaner environment.
12 ' There is the decreased dependence on oil imports 12 4 and the policy implications and advantages that might be derived from that decreased dependence.
12
There is "a positive net energy balance," which means that the energy contained in a given quantity of ethanol is greater than the energy required to produce that amount. 126 The possibly less harmful impact on the local environment, resulting from ethanol consumption, may also improve overall public health levels.
1 27 Arguments have also been made that ethanol production will benefit traditionally disadvan- 123 See Berg, supra note 35; Goldemberg, supra note 9, at 808. 124 See generally Berg, supra note 35 (noting that reducing dependence on oil imports is one of several reasons for the success of fuel ethanol).
125 Guto Harri, Brazil's Sugar Crop Fuels Nation's Cars, BBC NEWS, Feb. 15, 2006, http://news.bbc.co.uk/2/hi/business/4715332.stm (reporting that the Brazilian sugar industry was able to cut $400 billion in oil imports and questioning where those saved monies could be spent).
126 Berg, supra note 35 (noting that the energy contained in one tonne of ethanol is greater than the energy required to produce one tonne).
127 See Berg, supra note 35.
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taged rural areas by creating more jobs 12 ' and paving the way for sustained development.1 29 Lastly, advocates of biotechnology generally argue that the research and investment in ethanol production will not only result in improved ethanol fuel and infrastructure, but also in improvements in the overall biomass technology and sector. 3°A 
. Where Brazilians Drive Their Cars: Ethanol Fuel Limits Greenhouse Gas Emissions and Helps Combat Global Warming and Climate Change
Use of ethanol fuel instead of regular gasoline will absolutely curb the level of carbon dioxide emissions in a given area.' 3 1 This will, in turn, reduce the overall level of greenhouse gases, 132 and improve the general public health and well-being of the given community or area. Some ethanol advocates also argue that use of biofuel energy forecloses additional greenhouse gases into the atmosphere, 13 3 and reduces overall air pollution since no new greenhouse gases are added to the atmosphere and emission of fine particulates, sulfur, and lead, commonly in the atmosphere from fossil fuel burning emissions, will be reduced."' Addition-128 Id. 129 Goldemberg, supra note 9, at 808 ("Renewable energy is one of the most efficient ways to achieve sustainable development."). 131 See Hearn, supra note 3 ("Biofuel is widely considered a way to reduce greenhouse gases from fossil fuel use and thereby reduce human-caused global warming.").
132 ETHANOL FROM SUGAR CANE IN BRAZIL, supra note 57 (reporting that current projections suggest that ethanol production, with its 8:1 energy yield to energy used to produce, can reduce overall greenhouse emissions by as much as 13%).
133 See Murray, supra note 5 (noting that as sugarcane, or another biofuel crop grows, it absorbs carbon dioxide from the atmosphere which will be offset by the future greenhouse emissions when the fuel is burned but with no net addition); see generally Marris, supra note 29, at 670.
134 See Murray, supra note 5; Goldemberg, supra note 9, at 809 ("Renewables are less polluting, both in terms of local emissions (such as particulates, sulfur, and lead) and greenhouse gases (carbon dioxide and methane) that cause global warming."); see also RFA, supra note 21, at 12.
Some reports have suggested that even a low 10% ethanol blended fuel could have the following positive impacts: a reduction in the tailpipe fine particulate matter (PM) emissions by 50%; a reduction in secon-ally, as the link between global warming and climate change has been firmly established, 13 5 one can argue that when a major urban center, such as the city of Sdo Paolo, transitions from regular gasoline to fuel ethanol, there will be a positive effect on the city and possibly the global environment as well.
It is an indisputable fact that the urban air quality in Brazilian cities has improved within the last thirty years, especially in cities like Sdo Paolo where ethanol fuel has been consumed in large quantities by a vast majority of consumers.
1 36 There, the replacement of lead additives in gasoline with ethanol has contributed to improved air quality.' 3 7 The use of ethanol fuel has also contributed to the general phasing out of lead and MTBE (methyl tertiary butyl ether).1 38 This experience is mirrored in many of the other large Brazilian urban centers.'
39
B. Where Brazilians Produce the Ethanol to Fuel Their Cars: Ethanol Fuel Production Results in Problems With Natural Resource Use, Air Pollution, Declining Public Health, and Inhumane Worker Conditions
Despite these successes, critics of the Brazilian ethanol program have identified a number of environmental problems attributable to the ethanol production industry. Notably, greenhouse gas emissions, worsened air quality, soil erosion, and other environmental problems crop up at the locales where sugarcane is grown and ethanol produced, facts that undermine the otherwise rosy picdary PM formation by diluting aromatic content in gasoline; a reduction in carbon monoxide (CO) emissions by up to 30%-even in new cars; a reduction in toxics content by 13% (mass); and a reduction in toxic contents by 21% (potency). Id. (noting the composition and character of ethanol-roughly 35% oxygen, "water soluble, non-toxic, and biodegradable"-contributes to reduced particle and greenhouse emissions). 136 XAVIER, supra note 41, at 8; ETHANOL FROM SUGAR CANE IN BRAZIL, supra note 57; UNICA, Social Aspects: Health and Environment, http://www.unica.com.br/i-pages/ sociedade desenvolv2c.asp (last visited May 17, 2008) (stating that in Sao Paolo there has been a 57% and 64% reduction in carbon monoxide and hydrocarbon, respectively, "two of the most aggressive pollutants," despite increased automobile density). 137 XAVIER, supra note 41, at 8. 138 Goldemberg, supra note 9, at 809; ETHANOL FROM SUGAR CANE IN BRAZIL, supra note 57; UNICA, Social Aspects: Health and Environment, http://www.unica.com.br/ i-pages/sociedade desenvolv2c.asp (stating that lead levels were reduced by 70% to 80% between 1979 and 1983).
139 XAVIER, supra note 41, at 8.
[Vol. 11:61 ture presented by advocates of fuel ethanol. The continued abuse and ill treatment of sugarcane workers, and the rural violence and shifting land-abuse also present problems that are not commonly addressed when evaluating the success of the Brazilian ethanol industry.
i. The Increasing Air Pollution and Decreasing Public Health Standard in the Rural Communities Producing Ethanol
Although consumers, such as drivers of automobiles and urban dwellers, reap the benefits of fuel ethanol's "no new" greenhouse emissions, rural communities and sugarcane laborers cannot make the same claim. In fact, their communities and public health have in many ways worsened from an already bad beginning, as the Brazilian agribusiness has soared. Environmental justice advocates and even ethanol advocates agree that the ethanol program has created greenhouse gas emissions that pollute the air quality in rural areas. 1 4° Certainly, this issue is at the heart of increasing dialogue concerning the emissions that stem from the burning of sugarcane and bagasse,"' and from fossil fuel powered equipment used in the cultivation and transportation process. 141 As more countries have begun implementation and innovation with biomass burning, there is raised awareness that emissions from biomass burning are also "an important global source of particles and gases to the atmosphere, especially in the tropics where biomass burning is widespread." Canado et al., supra note 89, at 725. Estimates are that each year "7,500-8,600 Tg (teragrams) of dry material is emitted to the atmosphere around the world through the process of burning." Id. Approximately 23% of this total is derived from the burning of agricultural waste. Id. In the tropical regions, where biomass burning is more commonplace, it is estimated that 2,000-4,500 Tg of carbon and 36-154 Tg of particulate matter (PM) are annually emitted into the atmosphere. Id. Estimates are that 43% of the dry material is derived from savannah burning, 18% from rainforest burning, and 16% from wood burning for fuel. Id. 142 See Macedo, supra note 140, at 13-14. Macedo categorizes the remaining three models along similar lines:
Group 2: Carbon flows associated with the use of fossil fuels in the production of all chemicals and inputs used in the agricultural and industrial sectors for the production of sugar cane and ethanol, as well as in the manufacture of equipment, construction of buildings and their maintenance.... Group 3: The GHG flows not associated with the use of fossil fuels are mainly N20 and methane; consideration was given to: Release of other GHG (non C02) in the process of cane field burning; Release of N20 from the soil, due to fertilizer decomposition; Release of
The decreasing air quality and rising public health concerns among rural communities where ethanol is produced is a major, unaddressed problem that is often cited by critics of the Brazilian ethanol program when evaluating or gauging the success of the Brazilian ethanol program. The major factual issue in play is the burning of sugarcane fields twice a year before each manual harvesting. 4 3 The same process that makes the Brazilian program such a success-specifically burning bagasse to generate the biomass fuel to power the ethanol production process-seems to be causing the greatest harm to rural communities. The pollution and smoke created by this sugarcane burning is well-documented. 14 4 The Brazilian government has identified new and tougher legal restrictions on the burning of sugarcane as a way to combat this problem in the future.' 4 5 Additionally, ethanol advocates in both the industry and public sector have argued that the flaw lies in the current technology and process, but that the theory is a sound one and future science will eradicate even this flaw in the system. 146 In 2002, a law was passed by the state of Silo Paolo mandating that 30% of the so-called "mechanizable areas"-those sugarcane fields with slopes lower than 12%-would not be burned. 1 4 7 Despite this law, sugarcane farmers have either failed or been reluctant to comply. 14 8 The main reason for this lack of compliance is the reluctance to replace inexpensive manual labor with mechanized harvesting, a more expensive proposition. flows of GHG emissions; they would take place if, in the absence of ethanol, the fuel demand was met by gasoline and if in the absence of surplus bagasses, fuel oil was used. These emissions can be categorized as GHG avoided emission by substituting ethanol for gasoline. 146 See Murray, supra note 5 (suggesting that the problem of noxious burning as well as shifting land use might be resolved by creating technology to take advantage of the "more abundant and land efficient cellulosic feedstocks, such as agricultural and forest residues, grasses, and fast-growing trees"). 147 Martinelli & Filoso, supra note 143, at 364. 148 See id. 149 Id.
can be made that substitution of cheap labor with mechanized farming would undermine the success of the Brazilian ethanol program. Compliance with this law has been pushed back several times, usually at the insistence of the sugarcane cultivation industry 1 5° which commands enormous political pressure in Brazil. Unenforceable or non-workable rules such as these have not reduced the smoke pollution arising from ethanol production. 15 1 In rural areas in Brazil where sugarcane is cultivated, the main source of aerosol particles is biomass burning. 152 The pollution from this burning of sugarcane has been linked to an increasing number of respiratory diseases and ailments in the rural areas where sugar is cultivated.
1 53 As a general matter, aerosols damage human health, but the consensus is that small particles, especially those of less than 2.5 micrometers (gtm) in aerodynamic diameter (PM2.5), are potentially the most damaging because of their ability to penetrate deep into the human lung and impact the lower respiratory organs.' 54 This burning of bagasse and the resulting emissions of aerosol and trace gases has also impacted the composition and acidity of rainwater in those areas.
1 55 Both phenomena have occurred in the state of Sdo Paolo, where twenty tons per hectare are burned annually for harvesting.
156
A limited number of studies address the effects of small aerosol particle emissions on the health of these rural communities. But one recent study attempts to show a causal link by looking at hospital admissions data related to respiratory conditions for the children and elderly populations of the Piracicaba region of Sdo Paolo state. 157 Estimates are that, in the Piracicaba region, the burning of sugarcane contributes to 60% of this "finemode aerosol mass."' 158 The study reported that for both children and elderly populations there were significant percentage increases in hospital emissions related to respiratory conditions during the "burning pe- 158 Id. at 727 (noting that the "resuspended soil dust" contributed to 14%, and industry and oil combustion, which each contributed 12% of the aerosol concentration).
riod" as opposed to the "non-burning period." ' 1 5 9 Among children, the percentage increase related to PM10 was approximately 40%, and PM2.5 and BC were approximately 20% each. Additionally, the study reported that the following approximate percentage increases from PM2.5 elements: 30% for potassium; 40% for silicon; and 50% for aluminum. 1 60 Overall, the study showed that respiratory-related hospital admissions for children were two to three times higher during the burning season. 61 The authors of the study posited that these already significant increases could be exacerbated by the lower humidity and temperatures that accompany the periods in which the burning occurs.
1 6 2 These lower temperatures and humidity could be impairing the dispersion of the particles and heightening the health and respiratory effects. 6 3 The study showed similar results for elderly populations, specifically higher incidents of respiratory admissions among the elderly during the less humid and colder periods when the burning occurred, but found that industrial emissions also contributed to this population's respiratory problems. 164 There is a general consensus among medical science that a population's exposure to high levels of toxins and pollutants can increase "the risk of acute respiratory infections, chronic obstructive pulmonary disease and lung cancer. ' 165 Children are believed to be the most susceptible sub-population and the most at risk for these illnesses. 1 6 6 Studies in Sdo Paolo city have shown that particle matter has an adverse effect on the respiratory health of children and causes inflammatory and infectious diseases in both the upper and lower respiratory systems. 1 67 Children under the age of five are even more at risk, as acute lower respiratory infections are the single largest contributor of death among children in that age bracket.' 6 8 Environmental justice advocates report that although children under the age of five make up 12% of the global population, they bear 43% of the health risks such as these that are attrib-utable to environmentally-related problems. 1 6 9 For children of areas such as Piracicaba, the risk becomes even greater when considering what the effects from this long-term and chronic exposure are or might be. These communities have now been exposed to the effects of the burning of sugarcane for approximately six months every year for the last thirty to forty years.
1 70 Beyond the acute effects, the injury from such chronic exposure might be more useful in answering the ultimate question of who has paid the highest price for the success of Brazilian ethanol. 171 ii. Soil Erosion and Water Depletion With respect to soil erosion, there are conflicting reports as to whether it is a "potentially damaging side effect" of sugarcane cultivation or whether the "environmental degradation from soil erosion in sugarcane fields is widespread." 172 To grow and harvest sugarcane requires nitrogen fertilizers that could create severe soil erosion. 73 Estimates suggest that up to thirty tons of soil per hectare per year erode within the Sdo Paolo state. One of the most controversial issues related to ethanol production has been its effect on water use, and the possible environmental problems related to irrigation. The government and the industry have stated that Brazilian ethanol production requires no irrigation, and that the industry's water consumption has reduced as the production process has grown and evolved, especially in the last decade.1 75 Environmentalists are fearful that increased ethanol production and cultivation of sugarcane will deplete the nation's water supply.' 76 The central concern involves the spillover of wastewater from sugarcane mills and distillation facilities.' 77 Many environmental advocates warn that this is polluting local water supplies, and in turn harming rural communities while causing erosion that is harming the interior's natural water supply. Id. protect the riparian buffers that prevent soil erosion to rivers and streams, only 30% of these riparian zones have been protected. 79 The official state response is that although legal restrictions have been put in place, tougher enforcement may be needed. '80 iii. Fuel Crops Instead of Food Crops: Shifting Land Use in Brazil Could Mean Encroachment and Development in the Amazon and Destruction of Biodiversity
Environmentalists and critics of the Brazilian ethanol program have zeroed in on the increased call for ethanol production, with its inherent need for more land, and the impact that this increased land use will have in terms of encroachment on certain regions, notably the Amazon rain forest and the Cerrado savanna region.' 1 Additionally, these groups have attempted to bring into the general discourse concerning ethanol, the possibility that the allure of ethanol production will derail the agricultural production mix and cause a shift from growing crops for food to growing crops solely for fuel.' Currently, the sixteen billion liters (or 4.2 billion gallons) of ethanol produced from Brazilian sugarcane requires approximately three million hectares of land. 1 86 Advocates of ethanol production maintain that the "competition for land use between food and fuel has not been substantial" since sugarcane cultivation requires 10% of total cultivated land and between 0.7% and 1% of total land available for agriculture in the country.
18 7 According to these esti-179 Martinelli & Filoso, supra note 143, at 364. 180 Hearn, supra note 3 ("Our laws say that mills can never put water in the river that is worse than what the river has." (quoting Antonio Luiz Lima de Queiroz, a specialist with Sao Paulo state's environmental agency)).
Id.
182 See id. (" [T] here is concern that higher-priced crops like sugarcane will displace soy and cattle farming in the Cerrado-driving those operations into the forests, which would have to be flattened to make way for farms."). 183 Hearn, supra note 3; ETHANOL FROM SUGAR CANE IN BRAZIL, supra note 57 (as of 2006 , 55% of the land in Brazil contained natural forests, 7% of land was used for agricultural purposes, and 35% was "pasture land" in which growth was occurring). 184 Hearn, supra note 3. 185 Id. 186 Goldemberg, supra note 9, at 808. 187 Id.; ETHANOl FROM SUGAR CANE IN BRAZIL, supra note 57 (noting that half of the land cultivated for sugarcane is used for ethanol, and the other half is intended for sugar, itself).
[Vol. 11:61 mates, only 5.6 million hectares of Brazilian land are used to cultivate sugarcane for use in both sugar and ethanol production. Environmentalists point to the "unregulated biofuels boon" and suggest that these natural ecosystems bear the brunt for the expansion of the ethanol program." 8 9 For the Cerrado and the Amazon, critics have identified the possible worsening "loss of species diversity, water-quality problems, and habitat fragmentation in some of the world's most biologically diverse regions." 9 ' Sugarcane is not a crop that can be easily cultivated in rain forest climates.' 9 1 Precisely because of this unsuitability, the Brazilian government has up until this point deliberately chosen to not expand sugarcane cultivation into these climates.1 2 Since the conversion from natural forest to agricultural lands would require biomass burning to clear the land and remove dry vegetation, environmentalists are also concerned that the hazardous pollution and health effects associated with sugarcane burning will also be felt in these areas.
3
However, the concern that environmentalists raise most is that non-Amazon or non-Cerrado land will be used as a new staging ground for sugarcane agribusiness, and that lower-priced food crops like soy will be pushed aside to make way for more sugarcane farms.' 9 4 The fear that environmentalists have is that native forests, especially in the Amazon, will be paved, flattened, and spoiled to make way for agriculture and even livestock.' 9 5 Additionally, environmentalists raise concerns that the Brazilian government's embrace of biofuels could lead them to cultivate palm trees in the Amazon so as to harvest palm oil-another source of biofuel.' 6 The fear is that the desire for this additional biological energy source will cause devastation to the Amazon in the same way that 188 Goldemberg, supra note 9, at 808. The cane cutters will be affected, we're going to have more jungle burning, which could harm the environment, and even producers of other crops will suffer." (quoting Rebeca Lerer, coordinator of climate and energy for Greenpeace Brazil)). See generally Murray, supra note 5. 195 Hearn, supra note 3. 196 Id.
tween cheap labor and cheap fuel ethanol. There are conflicting reports with respect to the wage rates of sugarcane harvest workers. Some reports state that these jobs offer the highest wages within agriculture with the exception of soybeans. 2 1 5 Other reports state that workers at ethanol production facilities earn less than $200 per month while working an average of twelve hours per day. 2 16 Added to this cheap labor supply are the estimated 40,000 seasonal migrant laborers from the Mineras Gerais and the Northeast, traditionally the two poorest regions in Brazil, who travel to the state of Sdo Paolo each year for sugarcane harvesting. 2 1 7 Sugarcane cutters, who make up the vast majority of field labor, are traditionally paid by the weight of their cuttings. 2 8 Studies from the State University of Sdo Paolo have suggested that "the required rate of productivity for cane cutters is increasing." 2 1 9
During the 1980s, the average rate of productivity required of an individual sugarcane cutter was "between five and eight tons of sugarcane cut per day; today it is between 12 and 15 tons. The mortality rate among sugarcane cutters is a watershed issue within the current social and political dialogue in Brazil. The reports on mortality rates are varied and show a great discrepancy. In addition to the deaths of ethanol workers and the general unrest and violence that plague production areas, Brazilian labor inspectors and regulators are also at risk of serious injury and death . 223 In March 2007, reports surfaced worldwide that Sdo Paolo state prosecutors denounced what they called "degrading working conditions" at five ethanol production plants in the Marilla region. 224 These reports were both a wake-up call to society about
